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We show that the simplest supersymmetric scenario where a large Higgs mass can be attained at tree-level 
for any ratio of the Higgs vacuum expectation values corresponds to the case where the neutrino masses are 
generated through the type II seesaw mechanism. This allows a standard model-like Higgs with mass around 
125 GeV without assuming a heavy spectrum for the stops. We show that our results are consistent with the 
bounds coming from perturbativity up to the grand unified scale, discuss gauge coupling unification and possible 
signals at the Large Hadron Collider. 



I. INTRODUCTION 

The recent discovery of a new particle [1, 2] at the Large 
Hadron Collider (LHC) with properties similar to the Standard 
Model (SM) Higgs, is one of the most important and exciting 
discoveries to hit the particle physics world in the last several 
decades. Understandably, it has spurred a flurry of studies 
which attempt to understand the properties of the Higgs field. 
Supersymmetry (SUSY) provides a natural theoretical frame- 
work to study this issue since the minimal supersymmetric 
standard model (MSSM) predicts a tree-level Higgs mass no 
larger than the Z mass. While this falls short of the recently 
measured 125 GeV particle, loop corrections from a heavy 
stop sector can complete the difference. For a review on the 
predictions for the Higgs mass in the MSSM see Ref. [3]. 

Extending the MSSM can alleviate the tree-level Higgs 
mass bound. The next to minimal supersymmetric standard 
model (NMSSM) enlarges the MSSM Higgs content by an 
SM singlet and its coupling to the MSSM Higgs fields can in- 
crease the tree-level mass beyond Mz- However, the new con- 
tribution is maximized for values of the ratio of the Higgs dou- 
blet vacuum expectation values (VEV), tan /3, close to unity, 
while the MSSM contribution is maximized for tan /3 far from 
unity. For a review of the NMSSM see [4]. Furthermore, sig- 
nificant enhancements require coupling values which are not 
perturbative to the grand unified theory (GUT) scale. One can 
also extend by a hyperchargeless triplet [5, 6] or a combina- 
tion of the triplet and singlet [7] but in both cases the new 
contribution to the Higgs mass occur for tan j3 close to unity 
and perturbativity is an issue, although gauge coupling unifi- 
cation considerations can solve the latter issue [8]. 

The singlet and the hyperchargeless triplet are two of the 
three possible fields that can introduce new quartic Higgs cou- 
plings. The third, triplets with hyperchage one, can contribute 
significantly to the Higgs mass independent of tan/3 [5, 6]. 
Coincidently, these fields also facilitate the type II seesaw 
mechanism for neutrino masses. In this article we show that 
such fields allow a large tree-level Higgs mass for any value 



of tan /3 while keeping all couplings perturbative to the GUT 
scale. We also discuss the possibility of keeping the inter- 
esting MSSM prediction of gauge coupling unification. The 
most generic signatures at the LHC are briefly discussed. 

This article is organized as follows. In Section II we survey 
the predictions for the Higgs mass in different supersymmetric 
models. In Section III we review the type II seesaw mecha- 
nism for neutrino masses and the properties of the Higgs sec- 
tor. In Section IV we discuss gauge coupling unification and 
in Section V we highlight possible signals at the LHC. We 
summarize our main results in Section VI. 

II. THE HIGGS MASS IN THE MSSM AND BEYOND 

The Higgs sector of the MSSM is composed of two Higgs 
doublets: 

H u = (jfr) ~ (1, 2, 1/2), H d = (Jp) ~ (1, 2, -1/2), 

resulting in three neutral physical Higgs fields: h, H and 
A, and charged Higgs bosons H ± . In the decoupling limit, 
M\ » Mf (M z is the mass of the Z boson), the lightest 
CP-even Higgs, h, is SM-like with the tree-level upper bound: 

Ml < M§ cos 2 2/3, 

requiring a large one-loop level contribution to be consistent 
with a Higgs interpretation of the new 125 GeV boson. 

In the NMSSM, where a singlet superfields, S, allows for 
the term \hSH u H c [., the upper bound changes to 

Ml < Affcos 2 2/3 + -\ 2 H v 2 sm 2 20. 

This effect is relevant for tan j3 close to unity and for a large 
contribution to the Higgs mass A# is not perturbative up to 
the GUT scale. An extra contribution can be gained from 
introducing a real triplet, £ ~ (1,3,0), which couples as 
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XsH u 'SH d and increases the Higgs mass upper bound to 

M 2 h < Ml cos 2 2/3 + l - [x\ + v 2 sin 2 2/3. 

Unfortunately, as in the NMSSM this effect on the Higgs mass 
is only relevant for small of tan /3 and does not improve per- 
turbativity. For the study of the Higgs sector in triplet exten- 
sions of the MSSM see Refs. [5-10]. The main goal of this 
work is to investigate the simplest extension of the MSSM 
which can generate a large Higgs mass at tree-level for any 
value of tan /3 and to show how to keep the MSSM predic- 
tions. 



III. TYPE II SEESAW AND THE HIGGS MASS 

In order to implement the type II seesaw mechanism [11] 
for neutrino masses in the MSSM, the Higgs content must be 
extended with two SU(2) triplets: 
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(1,3,1). 
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In this case the relevant superpotential reads as 

Wn = VuQH u u c + y d QH d d c + y e LH d e c - fi H u H d 
+ /iATrA 1 A 2 + MHukxHu + X 2 H d A 2 H d 
+ ULA 2 L, (3) 

where the last term generates the neutrino mass matrix: 



M v = f v 



V2 

V2' 



(4) 



where v 2 is the VEV of 5%. Notice that if v 2 ~ 1 GeV, /„ 
must be small, about 10~ 9 . The Ai and A 2 terms in the super- 
potential allow for quartic Higgs couplings, which modify the 
upper bound on the lightest CP-even scalar tree-level mass to 



M£<cos^2/3M| + 2sin 4 /3Afi/ + 2cos 4 /3A^. (5) 

The new contributions can be sizable for any value of tan /3, 
but interestingly the Xx and MSSM contributions both in- 
creases with tan/3 allowing for constructive interfere. This 
is in contrast to the scenarios reviewed in the previous section 
where the additional quartic term (proportional to sin 2 2/3) has 
the inverse tan /3 dependence of the MSSM contribution. The 
corresponding soft SUSY breaking Lagrangian is 



where the remaining MSSM soft terms have been left out. The 
scalar potential coming from _D-term is given by 

Vb = \g\ (\H U \ 2 - \H d \ 2 + 2 TrA|A 2 - 2 TrA\Ax 
1 3 

+ ^9 2 2 J2( H ^ H u + HlcT a H d 



£s<rft = m 2 H \H U \ 



"Hi 



|Ai| 



lAo 



{-bH u H d + 6 A Tr AiA 2 + ai H u AxH u 
a 2 H d A 2 H d + a f LA 2 L + h.c.) + 



o=l 



-2 TrA{cr a Ai + 2 TrA 2 a a A 2 



(7) 



The vacuum expectation values (VEVs) of the fields are de- 
fined to be 

The VEVs of the triplets break custodial symmetry and are 
therefore constrained by the p parameter to be less than about 
2-3 GeV [10]. Therefore, working to zeroth order in v\ and 
v 2 (the full minimization conditions are in the Appendix) the 
following minimization conditions can be derived: 



= m 2 Hd + n 2 + -Ozf)M 2 z + tpb + c 2 p X 2 v 2 



= mi + /i 2 - ^c 2/3 Mi + — b + si\ 2 v 2 , 



(8) 
(9) 

(10) 



= m 2 Ai + ma + c 2 (3M 2 z + 2s^A 2 w 2 + — b A 
v 2 

+ /= (c1A 2 ma - s 2l3 \ 1 p - aiSg) , 
V2ul 

= m 2 A2 + n 2 A - c 2p M 2 z + 2c 2 p \ 2 2 v 2 

V 

H b A + —— (a 2 c| + s 2(3 A 2 /i - sIXipa) ■ (1 1) 

v 2 v2w 2 

Defining v\ = v A cos 7 and v 2 = v A sin 7 we can solve for 
v A and one finds 



va 



where 



V / 2cos7Mf 



(-c 2 A 2 /i A + s 2 pXip - a i*l) , (12) 



M 2 = m 2 Ai + fi 2 A + c 2 pM z + 2s 2 j A 2 v 2 + tan 7 6 A . (13) 

Notice that if Mi is around the TeV scale and the trilinear term 
ai is small, as in gauge mediation, one can get v A ~ 1 GeV, 
thereby agreeing with the p parameter constraints. It is impor- 
tant to mention that in the limit when Ai, A 2 , ax, a 2 — > OB—L 
is an exact global symmetry. Therefore, one can say that the 
VEVs of the seesaw triplets are protected by the global B — L 
symmetry. Notice that in this model the minimization con- 
ditions are more involved and on top of the usual fine-tuning 
present in the MSSM one has a fine-tuning in the new mini- 
mization conditions. The Higgs mass matrices are given in the 
Appendix. The Fig. 1 shows the values of the Higgs mass at 
tree-level versus Ai and a scan over the remaining parameters 



(6) 
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FIG. 1 . The tree-level Higgs mass versus Ai with parameters scanned 
as described in the text. The orange curve represents the upper bound 
on the tree-level mass, Eq (5), with A2 = and tan /3 = 10. To aid 
the eye, horizontal lines at 1 10 GeV and 125 GeV are drawn in green 
and blue respectively. The area outside the vertical red dashed lines 
becomes non-perturbative before the GUT scale under the assump- 
tions discussed in the next section. 
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FIG. 2. Curves of constant tree-level Mh in the Ai — tp plane. The 
area outside the vertical red dashed lines becomes non-perturbative 
before the GUT scale under the assumptions discussed in the next 
section. 



as follows: 

tan/?D (2-45); |A 2 | D (-1,1); 
|/*a| D(100,500)GeV; \ Vl \, \v 2 \ D (0.5, l)GeV; 
|6|, |6 A | D(50 2 ,1000 2 )GeV 2 ; |a x |, |a 2 | D (-1, l)TeV. 

Included is the upper bound on the Higgs mass (Eq. (5)) with 
A2 = and tan (3 — 10 (in orange). The area outside the ver- 
tical red dashed lines is not perturbative up to the GUT scale 



under the assumptions discussed in the next section. Given the 
values from the scan, one can use Eqs. (10) and (1 1) to calcu- 
late the soft triplet masses. They are in the following ranges: 
m Al D (273, 8900) GeV and m A _ D (272, 4630) GeV. 

Fig. 1 demonstrates that it is possible to achieve a large 
Higgs mass at tree-level even when Ai is small. In princi- 
ple, one can even saturate the value of the 125 GeV Higgs 
mass at tree-level. Here we have assumed that all other Higgs 
fields are heavier than 300 GeV, the decoupling limit where 
the lightest Higgs is SM-like. The contribution from A 2 is 
proportional to cos 4 f3 and does not play a major role. Focus- 
ing on the two most relevant parameters, we show in Fig. 2 a 
simple tree-level Mh isoplot in the Ai — tan/3 plane, where 
the red lines once more delineate the non-perturbative region. 
One can appreciate that consistency with a 125 GeV Higgs 
mass is possible at tree-level with all coupling perturbative to 
the GUT scale. 

Now, let us discuss the effect of loop corrections to under- 
stand how light the stops can be when the tree-level mass is 
large. Curves of constant Higgs mass at the two-loop level 
with zero left-right mixing in the stop sector are displayed 
in Fig. 3 in the plane of right-handed versus left-handed stop 
soft masses. Curves for Ai = 0.16,0.18,0.20 are solid red, 
dashed green and dotted blue respectively. Loop calculations 
were performed using FeynHiggs [12] and we use 1.5 TeV for 
the gluino mass. As one can appreciate from Fig. 3 the stops 
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FIG. 3. Values of constant Mh at the two-loop level in the 
Mi R — Mq 3 plane for zero left-right stop mixing and for Ai = 
0.16,0.18,0.20 in red solid, green dashed and blue dotted curves 
respectively. 

can be very light even when the left-right mixing is zero. In 
summary, the type II seesaw mechanism provides the simplest 
scenario which easily accommodates a 125 GeV Higgs mass 
for generic values of tan (3 and is perturbative up to the GUT 
scale. 
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IV. UNIFICATION AND PERTURBATIVITY 

It is well-known that the triplet seesaw fields alone destroy 
the gauge coupling unification present in the MSSM and in 
order to keep this interesting prediction of the MSSM (assum- 
ing the desert) one must add extra fields at the TeV scale. In 
our case one could add fields to complete a 15# and 15# of 
SU(5). However, this possibility is not very appealing since 
the gauge coupling will not be perturbative up to the GUT 
scale. A second possibility was proposed in Ref. [13]: 

D c ~ (3, 1, 1/3), D c ~ (3, 1, -1/3), * ~ (8, 1, 0) , (14) 

where these fields are called "magic" fields since they do not 
complete an SU(5) representation with the seesaw triplets but 
still allow for gauge coupling unification. 

The superpotential relevant for the new fields is given by 

W c = i M<i) Tr$ 2 + ^r/Trl> 3 + (D C $D C + £,d c $D c 
+ y D QH d D c + ^ D i) c b c + fi b b c D c , (15) 

It is important to mention that in this model we have assumed 
generic mass terms for all fields and the conservation of Im- 
parity. However, it is also possible to introduce a singlet and 
a Z 3 symmetry (a la NMSSM) in which all SUSY mass terms 
are generated after symmetry breaking (this was done without 
the colored fields in see [10]). Therefore, we could replace the 
mass terms by a new coupling and the singlet field as 

ji — > XhS, /itj) — y A$S", j-in — v XpS, 

thereby solving the /^-problem. The renormalization group 
equations (RGEs) are given in the Appendix and were used 
to derive the red dashed lines in Figs. 1 and 2, which delin- 
eate the non-perturbative regime. While the Ai beta-function 
receives a large self-contribution, Eq. (31), the increased size 
of the gauge couplings help to keep it perturbative. Beyond 
Ai ~ 0.5, the system becomes non-perturbative due to this 
large contribution. The unification of the gauge couplings as- 
suming that all new particles are at the TeV scale are shown 
in Fig. 4 as well as an example of the running of the Yukawa 
couplings relevant for the Higgs mass discussion. For the lat- 
ter plot, Yukawa couplings not shown are assumed to be 0. 1 
at the TeV scale except for /„, which is insignificantly small 
due to neutrino masses. As one can see, all couplings are per- 
turbative. 

V. PHENOMENOLOGICAL ASPECTS 

Here we discuss some of the relevant phenomenological as- 
pects of the new physical Higgses and matter fields: 

• Doubly Charged Higgses: Because of the relatively 
large VEVs of the triplets (about one GeV) and small 
value of the triplet-lepton coupling (/„), the decay 



Sf^ 1 — > W ± W ± dominates over 6^ — > efe^ as- 
suming that the channel — > W^H^ 1 is kinemati- 
cally suppressed. It is therefore not possible to search 
for lepton number violation in this context. The decays 
of the doubly charged Higgses into W's have been in- 
vestigated in detail in Ref. [14]. The most interesting 
signals in this case correspond to the pair production of 
the doubly charged Higgs fields: 

pp -> H ±:t HTT -> 4j + ef ef + £^ iss . (16) 

Such states can be identified at the LHC with high lu- 
minosity. 

The decays of the doubly charged Higgsinos into a lep- 
ton and slepton are also suppressed for the same reason 
mentioned above for the doubly charged Higgs into two 
leptons. Then, the main decays are into a neutralino 
and doubly charged Higgs or the decay into a W and a 
chargino. These channels are quite sensitive to the su- 
persymmetric spectrum but are unique for these type of 
models. 

• Colored Octets: The field $ ~ (8, 1, 0) can decay into 
two heavy quarks D c and D c (a heavy quark D c and a 
down-type quark) through the Yukawa coupling £ (£) or 
into two gluons at the one-loop level through the cubic 
term Tr $ 3 . Therefore, pair production of these fields 
through QCD interactions yields finals states with four 
jets, where the invariant mass of two jets corresponds to 
the mass of the colored octet. The octetino has the same 
quantum numbers as the gluino and it can decay into a 
colored octet and a gluino, giving rise to signals with 
multileptons and missing energy if we assume R-parity 
conservation. 

• Heavy Quarks: The new quarks D c and D c are vector- 
like and could modify the Higgs decays. These can mix 
with the bottom quarks and suppress the Higgs branch- 
ing ratio into two bottom quarks. As any colored field, 
they can be produced with large cross sections and de- 
cay into a Higgs and a SM quark through the Yukawa 
coupling, or into a gauge boson and a quark. 

VI. SUMMARY 

In this article we have shown that the fields necessary for 
the type II seesaw mechanism for neutrino masses can also 
raise the SM-like Higgs mass up to 125 GeV even at tree- 
level. This can be accomplished independently of the value of 
tan j3 and all couplings remain perturbative up to the GUT 
scale. While the fields that complete GUT representations 
with the triplets would lead to Landau poles for the gauge cou- 
plings, preservation of gauge coupling unification can be ac- 
complished through so-called magic fields: a vector-like pair 
of down-type quarks and a color octet. Some of the collider 



signals of these fields were briefly discussed and a more de- 
tailed analysis will be published in the near future. 
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Appendix 

Minimization Conditions : The full minimization conditions are 

= m 2 Hd + i? + ic 2/3 Mf +tpb+ 4\ 2 2 v 2 + V2«i (A 2( u A - t/j Ai/i) 

2 2 

+ V2v 2 (02 + tp A 2 /i) + 2X 2 2 v 2 - V2 ~ 2 Vl M 2 z , 
= m 2 Hu + [i 2 - ]^c 2f} M 2 z + j^ b + sjXiV 2 - V2 Vl (^n + ^ A iA^ 
v^«2 ( Ai/ia - — A 2j u ) + 2A 2 w 2 + 2 2 ^ Aff, 



= mi 1 + Ma + c 2/ jM| + 2s 2 j A 2 u 2 + ^-b A 

+ -7=— (c,gA 2y UA - S2i3MfJ- - aiSp) - 2 g — M Zi 

v 2fi w 
= mi 2 + a*a - c 2/3 Ml + 2c 2 ; A 2 .v 2 + 

(a 2 c| + *2flA 2 M ~ 4 A i^a) + 2 ^ 2 ~^ M|. 



(M|) 24 = V2w ( C(3 A 2 ^ - s^Ai^a) + 28p— M%, 



,,2 



(AfJ) 33 = -^=— (s|ai + s 2j 8Ai/i - c|A 2 ma) - — &a + 4^|M|, 



(M 2 ) 34 = 6a-4^M 2 , 



2 2 

(M|) 44 = -7=^ (s 2 Aima - s 2 ^A 2 /i - c|a 2 ) - + 4^ Aff . 



(17) 



(18) 



(19) 



(20) 



Neutral CP-even Higgses: In the basis 5ft (i?^, 5®, 5 2 ), the CP-even mass matrix is 

(M|)n = c|M| + 2A^^ - ^6 + y/2t pl t (Ai«i - A 2 w 2 ) , 
(AfJ)i2 = 6 - ^s 2/3 Ml + 72 M (A 2 w 2 - Ai«i) , 
(M|) 13 = >/2v (c^Aa^A - s/jAi/i) + 2 C/3 — M|, 
(M|) 14 - >/2v (0,303 + S(3 A 2j u) + 2^ (2A 2 w 2 - M|) , 

1 /2 

(M|) 22 = s|M| + 2A 2 w 2 - — 6 + — n (Ai«i - A 2 w 2 ) , 

(M|) 23 = -v^w («/»ai + c^Aim) + 2s f A (2X 2 v 2 - M 2 ) , (21) 

« 2 ^2 
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Neutral CP-odd Higgses : In the basis 3? [H% H°, 5%, 6%), the CP-odd mass matrix is 

(Mj,)ii = -tpb - V2v 2 (2a 2 + t f3 X 2f i) + \fav x (tpXifJ, - 2A 2 ^ A ) , 
{Mp) 12 = -6 + V2n {X 2 v 2 - Ai«i) , 

(Mp)i 3 = V2v {Cj3\ 2 fl A - SpX^l) , 

(Mp) 14 = -V2v (c fj a 2 + s fj X 2 ^i) , 

(Mp) 22 = -^-b + V2v 2 ^2Ai^ A - y X2 ^) + ( 2fll + i^ Xl ^ 

(Mp) 23 = V2v (spai + cpXiy) , 

{Mp) 2i = V2v (c l3 X 2 ^ - sp\ifi A ) , (22) 

V ^ V 

(Mp) 33 = -^=— (s|ai + s 2 /3AiAi - c 2 fS X 2 ^ A ) - ^&a, 

(M P ) 34 = -&A, 
2 

/ 2 \ / 2 2 \ 1 

(Mp) 44 = (saAi/iA - s 2 p\ 2 [i - c fj a 2 ) 6a- 

Charged Higgses: In the basis (H^ ,H~ ,5^ ,5 2 ), the charged scalar mass matrix is 

(M|)n = sjM^ - tpb - V2v 2 (a 2 + t fj X 2f i) + ^2v Y (tpX^ - A 2y u A ) 
+ 2^|(M^-Ay)-2^M^, 



(M|) 12 = -b+^s 20 M^, 



(M|) 13 = « (s^Ai/i - C/3 A 2A i A ) - y/2c p — M 2 



u 2 



(M 2 ) 14 = - w (s/ 3 X 2 ^ + c p a 2 ) + cp^ 1 (Mw - X W) . 
(M|) 22 = c|M^ - -U + v^«2 ^Ai/iA - ^ A 2^ + >/2«i (oi + j^AiA* 

+ 2^(Jl^-A^)-2^, 
(M 2 ) 23 = ( S/3 ai + c^Ai/i) + (A 2 « 2 - M 2 ,) , 



(M|) 24 = -y (c^/x - s^Ai/xa) + V^s^— M^, 

2 2 

(M 2 ) 33 = (s 2 ai + « 2 /jAiA» - c 2 A 2 /i A ) - 6^ - s 2 A 2 w 2 - c 20 M^ + 2^M 2 V , 

(M 2 ) 34 ^6 A -2^M 2 ,, 

17 1 17 
(M|) 44 = — — (sjX^A - s 2/3 A 2 /x - c 2 p a 2 ) - b A — - cjX 2 2 v 2 + c 2fj M^ + 2-±M^. 

Doubly Charged Higgses: In the basis (5{ , S 2 ) the doubly-charged scalar mass matrix is 

2 2 2 

(M| ± )n = -J— (sj ai + s 2/3 A 1( u - c|A 2/ ua) - &a^ - 2^A 2 i; 2 - 2c 2/3 Af^ + 



(M^ ± ) 22 = (s^Ai/xa - s 2 f)X 2 n - cja 2 ) - 6 A — - 2c^A^ 2 + 2c 2/3 M^ - 4 ^ 2 2 ^ M^. 



(23) 



(M 2 ± ) 12 - 6 A , (24) 

-7=— (s 2 Ai^a - S2pX 2 n - cla 2 ) - 6a — 
V2f 2 w 2 
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Renormalization Group of Equations: The equations which describe the evolution of the gauge couplings are the following 

(m \-i -iftjr ^ 1 M gut 4 A/gut 2 M GUT 1. M GUT \ 

ai (M GUT ) = a, (M Z ) - log — + - log _ + 3 log — + - log _ J 

l/2 M GUT 2 M GUT , 18 M GUT \ 

7j I ^ log ^ + - log — — + — log , (25) 

a 2 (M GUT ) = a 2 (M z ) - - ^- - log _ + - log _ + - log — + - log — 

+ 1 w + H b ^gut Mgut \ 

+ 6 g Af A 3 g A^ ud + 8 Af A )' { ' 

(1ur ,_i , 1 / 71 M GUT , 01 M Gm 4 1 Af GUT , 2, A^ut" 

a 3 (M GUT ) = a 3 (M z ) - — ( -7 log + 21og + - log + - log — 

9 /l,2 /3 

1 

'2?r 



- - 


_ , ATgut 




71 ° g M Z " 


ATgut 


. -, , Mgut 




fll ° g M^ 



31og-^ + llog-^ , (27) 



The RGEs for the Yukawa couplings (here we use the results in Ref. [15]) are given by 

IQtt 2 j t y t = y t (&y 2 t + y 2 b + 6A 2 + y 2 D 3<?f - ^<7?) , (28) 

167r2 Jt Vb = 2/6 ( 6y2 + 2/2 + 2/2 + 6A 2 + 4 ^ + y^ 2 " y- g2 " %2 ~ t^ 2 ) + to ( 2ybVD + y ce ) > (29) 

l ^ 2 Jt vr = Vr ( 4y2 + 32/2 + 6A 2 + 6/2 + 3y2 ° ~ 392 ~l g2 )> (30) 

IBtt 2 ^! = Ai fl4A 2 + 6y 2 - 7g 2 2 - ®gf) , (31) 

16tt 2 ^ A 2 = A 2 (l4A 2 + 6y 2 + 2y 2 + 2/ 2 + 6y 2 D - lg\ - p 2 ^j , (32) 

Wn2 Jt U = /;/ ( U/2 + 2y2 + 2X2 ~ 792 ~ I 9 ') ' (33) 

167r 2 ^ = 77 (40ry 2 + 3C 2 + 3£ 2 - 18.g 2 ) , (34) 

„ „/35„, 40 2 19 , „ o 34 2 4 2 \ , /„ 16 A .\ 

16^C = C ( T C 2 + y, 2 + yC 2 + 2^ - y5 2 - r5 9l) + e + y CeJ , 05) 

„ , d A ,/35 A 2 „ 9 40 n 19 a2 34 2 4 2 A , /„ 16 A A 

lfhr V - « (y* 2 + ^ + + y c " y* 2 - Tb 9l) + c ( 2y6to + - a ) , (36) 

16^ 2 ^2/ D = y D Uy 2 D + y 2 t + Ay 2 + y 2 + 6A 2 + ^( 2 - y 5 2 - 3.g 2 2 - ^-A + y b \2y h y D + y Ce) ■ (37) 
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